The resistance encountered by a seedling as it pushes through the soil causes inhibition of stem elongation and stimulates stem thickening, facilitating soil penetration. A new study demonstrates that two proteolytic pathways work in double-negative fashion -one targeting the other -to protect transcription factors central to this response.
A germinating seed buried under the soil or under leaf litter faces two problemsfirst, there is little or no light to drive its life-sustaining photosynthesis; and, second, it must generate sufficient mechanical force to push aside whatever is covering it. Until the seedling reaches the light, it must rely on stored energy reserves to sustain it. Only when it perceives a light signal does it initiate the rapid changes in developmental pattern from one that emphasizes shoot vertical growth (skotomorphogenesis) to one that trades vertical growth for rapid development of cotyledons and leaves -with simultaneous elaboration of the complex machinery for photosynthesis that will make the seedling photoautotrophic (photomorphogenesis). Two environmental signals impact seedling emergence directly: light and mechanical disturbance. As a seedling penetrates upward through soil, it encounters decreased mechanical resistance, but increased light. The steepness of the gradient of light through the soil to the surface is determined by the optical properties of the soil. There are separate literatures dealing with signaltransduction pathways activated by both signals, but to date, only little effort at integration of these pathways. In this issue of Current Biology, Shi et al. [1] present evidence that CONSTITUTIVE PHOTOMORPHOGENESIS 1 (COP1), a RING E3-ubiquitin ligase, already very well known for its major involvement in photomorphogenesis and other plant signal-transduction pathways [2] , is also intimately involved in the response to mechanical disturbance encountered by penetration of the growing shoot through the soil. The study elucidates an ingenious mechanism by which COP1 coordinates two major pathways essential for seedling emergence and survival.
It has been known for decades that a physical barrier to plant growth leads to the production of ethylene. Although growing pea shoots normally produce low levels of ethylene, the level increases dramatically when they encounter a physical barrier [3] . Likewise, bean roots encountering a physical barrier increase their production of ethylene as much as six-fold [4] . A recent study [5] demonstrated that a thin soil overlay was sufficient to stimulate ethylene production strongly. The quantities produced were sufficient to activate the ethylene-activated signal-transduction cascade and produce the well-known triple responseinhibition of hypocotyl elongation, stimulation of hypocotyl lateral expansion, and excessive curling of the apical hook that protects the growing apex, all responses that facilitate soil penetration. The central known molecular elements of the cascade in brief outline are as follows [6] : an endoplasmic reticulum-localized ethylene receptor perceives ethylene, leading to the phosphorylation of EIN2 (an Nramp-like protein) by CTR2. Phosphorylated EIN2 then brings about de-repression of EIN3 and EIL1. These two central transcription factors then activate a whole host of ethylene-responsive genes, bringing about the triple response. Two excellent reviews summarize the many responses of plants to mechanical stimulation [7, 8] .
Shi et al. [1] have now identified another major player in the cascade -they showed that COP1 protein is essential to allow Arabidopsis thaliana seedlings to emerge successfully from the soil and into the light. A cop1 mutant is seriously impaired in penetrating upward through as little as a millimeter or two of silicon dioxide powder or sand. The mutant was rescued not only by the COP1 gene but by the EIN3 gene as well. Furthermore, EIN3 activation of ethylene-responsive genes was completely missing from the cop1 mutant. EIN3 is clearly functioning downstream of COP1. Whatever happened is not light dependent, as keeping the test plates in darkness yielded similar results: dark-grown cop1 mutants were still impaired.
But what is the role of COP1? In cell-free extracts of wild-type seedlings, some EIN3 degradation took place, but it was very gradual [1] . In similar crude extracts from the cop1 mutant, by contrast, EIN3 degradation was extremely rapid. In both cases, the proteasome inhibitor MG132 completely prevented this loss, indicating that the loss was through the proteosome pathway. Experiments some time ago showed that proteolysis of EIN3 by two F-box proteins, SBF1 and SBF2, was an important component in mediating plant responses to ethylene [9] . Could these proteins be direct targets for COP1? Shi et al. present unequivocal evidence -both from in vivo and in vitro experiments -that SBF1 and SBF2 are indeed direct targets of COP1. This E3 lyase ubiquitinates them and sends them to their proteosomal doom. When ethylene concentration is low (e.g. in the absence of mechanical disturbance) the two F-box proteins are free to target for degradation any EIN3 around. However, given an ethylene increase, EIN3 levels also increase, and COP1 goes into action to degrade the two F-box proteins. The outcome of this double-negative scenario is therefore positive and the triple response provides the sturdiness and the force the seedling needs to find the light.
What is the involvement of light? Is the COP1 role in photomorphogenesis also somehow involved in the ethylene pathway? The authors [1] show that with increasing light intensity, the level of an EIN-myc protein (EIN3-myc transformed into an ein3eil1 background) decreased. However, an increase in light intensity had no effect on the level of EIN3-myc protein when the EIN3-myc transformation was in a cop1ein3eil1 background. Thus, COP1 is playing a dual role: protecting EIN3 from the F-box proteins to facilitate the triple response as a mechanism to push through the resistance of the soil, and modulating the response downward as light is first encountered and soil resistance decreases.
How much light actually penetrates through soil? It clearly depends both on soil type and water status. Over 60 years ago, a study devoted to the transmission of light through soil [10] used exposed photographic plates under soil layers of various thicknesses to make crude measurements of light penetration. A more recent (and more quantitative) study [11] found that less than 1% of incident light penetrated through 2.2 mm of either a silty clay loam or Broomfield sand. Water saturation had opposite effects on the two soils -the silty loam became essentially opaque, whereas transmission through the sand actually increased, a finding later confirmed for other soils [12] . A biological assay [11] also demonstrated that sufficient light could penetrate 2 mm of either Broomfield sand or silty clay loam to excite the germination of photosensitive lettuce seeds if it was administered throughout a sunny day. A 1987 minireview [13] provides additional references in this area.
Given that light can penetrate to significant depths -at least through some soil types -what photoreceptor(s) might be involved? The visible/UV-A light signals that induce photomorphogenesis are detected by at least three different families of photoreceptors-the red/far-red-responsive phytochromes [14] and the blue/UVA-activated cryptochromes [15] and phototropins [16] . Which of these photoreceptor(s) is most likely to mediate the light effect on the level of EIN3 protein, mediated by COP1? By far the most sensitive photoreceptor is phytochrome A [14] . Cryptochrome 2 is the most sensitive of the plant cryptochromes [15] , but blue light is less efficiently transmitted through soil than red [12, 13] . It was calculated [12] that sufficient light penetrated 1 cm of Oakley sand to activate a phytochrome A-mediated very low fluence response (VLFR). In 1981, a VLFR was already documented at the physiological level (in etiolated Avena sativa seedlings; suppression of mesocotyl elongation and promotion of coleoptile growth by extremely small amounts of light) [17] and shortly thereafter a VLFR at the transcriptional level was reported (in barley seedling) [18] . The threshold for a red light-induced VLFR is extremely low: it can be met by a one-second exposure of light barely detectable by a dark-adapted human eye. Thus it doesn't take much light penetrating the soil to initiate photomorphogenesis and down-regulate the ethylene signal-transduction cascade.
There are four bodies of literature that are pertinent to the Shi et al. study [1] . The first deals with plant photoreceptors (very large), the second deals with the effects of mechanical stress on plants (small), the third deals with light penetration through soil (extremely small) and the fourth deals with the signal-transduction cascade induced by the volatile plant hormone ethylene (very large). It is unusual to find a study that needs to access as many as three of these fields but it appears even rarer to find a study that must access all four fields.
Some people who are blind due to damage to their primary visual cortex, V1, can discriminate stimuli presented within their blind visual field. This residual function has been recently linked to a pathway that bypasses V1, and connects the thalamic lateral geniculate nucleus directly with the extrastriate cortical area MT.
The primary visual cortex (V1) in the occipital lobe is the major cortical destination of the input from the eye, after an intermediate relay station in the lateral geniculate nucleus of the thalamus (LGN). Both structures contain a map of the contralateral visual scene and damage along this pathway destroys part of the map, leading the patient to clinical blindness in the corresponding part of the visual field. There are, however, parallel neuronal pathways from the eye that bypass V1 and reach other subcortical and cortical targets in the brain (Figure 1 ). The intricacy of these alternative pathways has made it difficult to link structure (anatomy) to function (behavior). This is nevertheless a fundamental goal for understanding how the brain enables vision, as ''anatomy is to physiology as geography is to history; it describes the theatre of events'' [1] .
That such V1-independent pathways are not simply vestigial was first noted a century ago by the British neurologist George Riddoch [2] , who reported that patients with occipital lesions could detect moving targets within their otherwise blind field. It was not until the 1970s, however, that the study of residual visual functions in the absence of V1 and subjective awareness became systematic, leading Weiskrantz [3] to coin the suggestive oxymoron 'blindsight' to describe such apparently counterintuitive phenomena. These earlier discoveries set the stage for a recent study by Ajina et al. [4] , who report evidence that human blindsight is mediated by an
